ABSTRACT Background: US children consume folic acid from multiple sources. These sources may contribute differently to usual intakes above the age-specific tolerable upper intake level (UL) for folic acid and to folate and vitamin B-12 status. Objective: We estimated usual daily folic acid intakes above the UL and adjusted serum and red blood cell folate, serum vitamin B-12, homocysteine, and methylmalonic acid (MMA) concentrations in US children by age group and by the following 3 major folic acid intake sources: enriched cereal-grain products (ECGP), ready-to-eat cereals (RTE), and supplements containing folic acid (SUP). Design: We analyzed data in 4 groups of children aged 1-3, 4-8, 9-13, and 14-18 y from the National Health and Nutrition Examination Survey (NHANES), 2003-2006 (n = 7161). Results: A total of 19-48% of children consumed folic acid from ECGP only. Intakes above the UL varied from 0-0.1% of children who consumed ECGP only to 15-78% of children who consumed ECGP+RTE+SUP. In children aged 1-8 y, 99-100% of those who consumed !200 lg folic acid/d from supplements exceeded their UL. Although ,0.5% of children had folate deficiency or low vitamin B-12 status, the consumption of RTE or SUP with folic acid was associated with higher mean folate and vitamin B-12 concentrations and, in some older children, with lower homocysteine and MMA concentrations. Conclusions: Our data suggest that the majority of US children consume more than one source of folic acid. Postfortification, the consumption of RTE or SUP increases usual daily intakes and blood concentrations of folate and vitamin B-12.
INTRODUCTION
In 1996 the Food and Drug Administration mandated that all enriched cereal-grain products (ECGP) be fortified with 140 lg folic acid/100 g flour to prevent the occurrence of neural tube defects or incomplete closure of the neural tube during embryologic development (1) . Children who survive with these defects often have lifelong problems with paralysis and mobility, urinary and bowel function, and hydrocephalus (2) .
In 1998, the Institute of Medicine (IOM) established a tolerable upper intake level (UL) for folic acid for adults (1000 lg folic acid/d) based on the possibility that higher intakes of folic acid might be neurotoxic to older individuals with severe vitamin B-12 deficiency and used the adult UL to extrapolate 4 agespecific folic acid ULs for children aged 1-18 y on the basis of body weight (3) . Some authors have questioned how to interpret children's ULs (4, 5) .
During the postfortification era, the US population consumes folic acid from different dietary sources, ECGP, ready-to-eat cereals (RTE), and supplements containing folic acid (SUP). Previous studies have documented intakes of folic acid in children and adolescents, including recent studies that estimated the percentages of children aged 1-13 and 14-18 y whose intakes exceeded their age-specific ULs; however, none of the studies examined the relation between consumption of ECGP alone and the usual daily intake of folic acid in the postfortification era (6) (7) (8) (9) (10) (11) (12) (13) (14) . Because the quantity of folic acid per serving in a number of RTE products is equivalent to that in supplements, it is important to separate the folic acid intake from RTE from the intake from ECGP in fortified foods. It is also important to separate the folic acid intake from foods from consumption of SUP to gain a better understanding of how different sources of folic acid relate to the percentages of children who exceed the age-specific ULs for folic acid.
In this study, we present estimates of usual daily intakes of natural food folate, folic acid, total folate, and vitamin B-12 in US children by age group and the proportions of US children whose usual daily intakes of folic acid exceeded their age-specific ULs by consumption of different sources of folic acid. We report blood folate and serum vitamin B-12 concentrations and assess the percentages of children with folate deficiency, low vitamin B-12 status, and marginally low folate and vitamin B-12 status by sources of folic acid (3) .
SUBJECTS AND METHODS

Study population
Data were obtained from the National Health and Nutrition Examination Survey (NHANES), which was a stratified multistage probability survey designed to represent the civilian, noninstitutionalized US population. Data for NHANES were collected by the National Center for Health Statistics at the Centers for Disease Control and Prevention via household interviews and physical examinations. Detailed information regarding NHANES is available elsewhere (15, 16) . The survey was reviewed and approved by the National Center for Health Statistics ethics review board, and participants or their proxies provided written informed consent before participation.
Intakes of natural food folate, folic acid, total folate, and vitamin B-12
To calculate nutrient intakes, we used information reported by the child participants or their proxy on the child's dietary intake of foods and supplements in NHANES [2003] [2004] [2005] [2006] . Dietary intake of foods were reported by a proxy in children aged ,6 y, by the participant assisted by a proxy in children aged 6-11 y, and by the participant in children aged !12 y. Intakes of foods in the previous 24 h were collected in person in the mobile medical examination center (MEC) (day 1) and by telephone 3-10 d later (day 2) by using the US Department of Agriculture Automated Multi-Pass Method described in detail elsewhere (17) . For NHANES [2003] [2004] [2005] [2006] , intakes of nutrients [ie, natural food folate, folic acid, total folate, and vitamin B-12 (vitamin B-12 includes intakes from natural and synthetic sources)] from foods were estimated by using the most current US Department of Agriculture Food and Nutrient Databases for Dietary Studies (versions 2 and 3) (18, 19) .
During the household interviews before coming to the MEC, participants or proxies were asked about their use of dietary supplements during the past 30 d. The age requiring a proxy to answer or assist the child in answering the questions about supplements was different from that for the 24-h dietary recall. Supplement data were reported by a proxy if the participant was aged 16 y. For each supplement, participants or proxies were asked about the number of days of consumption and the amount consumed per day. Interviewers recorded the name of each product from the label if available or, if not available, from the participant report. After the interview, trained nutritionists matched product names to known dietary supplements. Label information was recorded for each product, including the ingredients, amount of each ingredient (nutrient dose) in a serving, the unit for that amount (eg, lg or mg), and the number of units (eg, tablets or oz) in a serving (serving-size quantity). Missing or unknown information was replaced by default values as described in the NHANES documentation for each survey (20, 21) . Participants were classified as consumers of SUP if they or their proxy reported participant consumption of any SUP during the past 30 d. For each individual, a nutrient intake per supplement was estimated from the ingredient unit for the supplement, the amount of the supplement consumed on each consumption day divided by the amount in one serving (serving-size quantity), the nutrient dose in one serving, and the number of days that the supplement was consumed in the past 30 d. The nutrient amount consumed (folic acid or vitamin B-12) from each supplement that contained the nutrient was then summed across all supplements consumed by the participant over the past 30 d and divided by 30 to yield the average daily intake of the specified supplemental nutrient.
The total daily intake of the nutrient (ie, folic acid, folate, or vitamin B-12) was calculated by adding the usual daily intake of the nutrient from foods to the average daily intake of the nutrient from supplements. Folic acid intake was defined as the consumption of folic acid added to foods plus folic acid in supplements. Natural food folate intake was defined as the consumption of folate that naturally occurred in foods (eg, in spinach or broccoli). Total folate intake was the overall term used for consumption of natural food folate and folic acid combined.
Intakes of folic acid from fortified food and supplements were expressed in micrograms of folic acid. Intakes of natural food folate and total folate were expressed in micrograms of dietary folate equivalents (DFE). Total folate was defined as micrograms of natural food folate intake plus (1.7 · micrograms of folic acid intake) (3). Vitamin B-12 intake included natural and added vitamin B-12 in foods and added vitamin B-12 in supplements.
Biochemical measurements of folate and vitamin B-12 status
Serum folate, red blood cell (RBC) folate, and serum vitamin B-12 concentrations were measured by a Quantaphase II radioassay (Bio-Rad Laboratories, Hercules, CA). The long-term CVs for NHANES 2003-2006 were 4-7% for serum folate concentrations, 4-6% for RBC folate concentrations, and 3-6% for serum vitamin B-12 concentrations (22) . Plasma homocysteine concentrations were measured by a fully automated fluorescence polarization immunoassay on the Abbott AxSym system (Abbott Laboratories, Abbott Park, IL) from 2003-2006 (23, 24) . Plasma methylmalonic acid (MMA) concentrations were measured by gas chromatography-mass spectrometry with cyclohexanol derivatization (23) . Long-term CVs for NHANES 2003-2004 were 3-5% for plasma total homocysteine concentrations and 4-11% for plasma MMA concentrations.
We defined folate deficiency as serum folate concentrations ,2 ng/mL or RBC folate concentrations ,95 ng/mL and low vitamin B-12 status as serum vitamin B-12 concentrations ,200 pg/mL (25) . We arbitrarily defined marginally low folate status as serum folate concentrations ,3 ng/mL or RBC folate concentrations ,140 ng/mL and marginally low vitamin B-12 status as serum vitamin B-12 concentrations ,350 pg/mL. Although not considered to indicate deficiency, the marginally low status can indicate the need for further investigation of folate and vitamin B-12 status with homocysteine and MMA (3, 26) .
Folic acid-consumption groups
To classify children into folic acid-consumption groups, we first classified children according to their consumption of RTE that contained folic acid. The individual food file for each 24-h SOURCES OF FOLIC ACID INTAKE IN CHILDREN dietary recall contains the estimated nutrient consumption for every food reported by every participant. From these files, we selected participants with reported consumption of at least one food coded as an RTE (food codes 57000000-57418000). Participants with reported consumption of an RTE that contained folic acid on either day of the two 24-h dietary recalls were classified as consumers of RTE with folic acid. Participants who did not report consumption of an RTE with folic acid on the first and second day of the two 24-h dietary recalls were considered nonconsumers of RTE.
We classified children into 4 mutually exclusive folic acidconsumption groups: group 1 was the ECGP only group (children who consumed fortified foods, excluding children who consumed folic acid from RTE and supplements), group 2 was the ECGP+ RTE group (children who consumed ECGP plus RTE, excluding children who consumed folic acid from supplements), group 3 was the ECGP+SUP group [children who consumed ECGP (excluding RTE consumers) plus SUP], and group 4 was the ECGP+RTE+SUP group. Children in groups 2 and 4 consumed RTE with folic acid; children in groups 3 and 4 consumed SUP.
Covariates
Questionnaire information included sex, age, and raceethnicity. We defined 4 age groups of US children aged 1-3, 4-8, 9-13, and 14-18 y to match the age groups used by the IOM (3). Race-ethnicity was reported by participants or proxies on the basis of a list that included an open-ended response. Adolescents (aged 12-19 y), low-income whites, non-Hispanic blacks, and Mexican Americans were oversampled in NHANES. For this analysis, the race-ethnicity category was limited to non-Hispanic whites, non-Hispanic blacks, and Mexican Americans. Sample sizes for other race-ethnicity groups were too small for meaningful analysis. The day of the week was defined as the day of the week on which the 24-h dietary recall was collected, and the interview method was either in person or by phone.
Study sample
The nonpregnant US population aged 1-18 y from (27, 28) . Of all males and nonpregnant females (variable name RIDEXPRG not equal to 1) aged 1-18 y who were interviewed (n = 8817) and attended the MEC (n = 8494), we included only the subsample of participants who had two 24-h dietary recalls with complete information on dietary intake and were not being breastfed (variable name DR1DRSTZ = 1 and DR2DRSTZ = 1) (n = 7178). We excluded an additional 6 children who had incomplete information on the use of SUP and 11 participants with extreme intakes of folic acid from supplements (eg, reported taking 29 SUP daily for the prior 30 d and had folate biomarkers within the normal range). This left 7161 (81% of interviewed, unweighted) participants for analyses of total nutrient intake. Compared with interviewed children who were excluded because of incomplete dietary data (n = 1656), children included in our analyses were more likely to be older (geometric mean 6 SE age: 7.9 6 0.1 compared with 6.3 6 0.2 y) and non-Hispanic white (62% compared with 54%; P = 0.01, chi-square test), but they did not differ in distributions of sex (P = 0.11) or use of SUP (P = 0.09). In the analyses above, we used 4-y combined interview weights (variable name WTINT2YR/2) and SAS (release 9.2; SAS Institute, Cary, NC) and SUDAAN statistical software (release 9.0; Research Triangle Institute, Research Triangle Park, NC) to account for the complex sampling design.
For analyses of blood folate and serum vitamin B-12 concentrations, we excluded an additional 1266 participants who had missing information on serum folate, RBC folate, or serum vitamin B-12 concentrations, which left 5895 children for biomarker analyses. The volume of blood collected did not vary by sex but did increase with age until children were aged !12 y. Assays were prioritized, and assays with lower priorities were likely missing in younger age groups. Compared with children who were excluded from our analyses, children who were included in the analyses were older (weighted geometric mean 6 SE age: 8.4 6 0.2 compared with 5.0 6 0.2 y; P ,0.0001, t test) and were less likely to be female (weighted percentage: 47.2% compared with 52.5%; P = 0.04, chi-square test). Compared with children who were excluded from the analyses, usual intakes of natural food folate, folic acid, and total folate did not differ significantly within age groups, with the exception of in children aged 4-8 y. In children aged 4-8 y, children included in our sample (ie, with serum biomarkers) had significantly higher usual intakes of folic acid (346 compared with 282 lg folic acid/d; P = 0.003, z test) and total folate (734 compared with 617 lg DFE/d; P = 0.003, z test) but not natural food folate (P = 0.29). The 2 groups of children did not differ in race-ethnicity or in the proportions of children in each folic acid-consumption group (P . 0.05, data not shown).
We also analyzed homocysteine and MMA concentrations. 
Statistical analyses
We estimated distributions [eg, medians (interquartile ranges [IQRs])] of usual daily intakes of natural food folate (in lg DFE), folic acid, total folate (in lg DFE), and vitamin B-12 and the prevalence of folic acid consumption that exceeded the agespecific UL by folic acid-consumption group for all children by sex, race-ethnicity, and age group and in children aged 9-13 and 14-18 y by sex. We used data from two 24-h dietary recalls with statistical software [PC-SIDE (Software for Intake Distribution Estimation) version 1.02, 2003; Department of Statistics, Iowa State University, Ames, IA] that fits a measurement error model to estimate usual intakes. Data from a single 24-h dietary recall or from the mean of two 24-h recalls does not account for within individual day-to-day variation in diet and may bias the estimates of the proportion of individuals above or below a certain nutrient intake (29, 30) . The PC-SIDE software (version 1.02, 2003; Department of Statistics, Iowa State University) selects the best transformation to normalize the data, adjusts the intake distribution for nuisance variables such as age, race-ethnicity, or day of the week, and accounts for within and between individual variations in nutrient intake. In our analyses, we adjusted distributions for age, sex, race-ethnicity, day of the week, and interview method. The day-to-day variance in daily intakes of folic acid, total folate, and vitamin B-12 in the second exposure group of children (ECGP+RTE) was much larger than the between-person variance because of a few children with unusual intake patterns. In these cases only, we proceeded as in the study by Jahns et al (31) and estimated the within-person variance in each sex, race-ethnicity, age group, and within the 2 older age groups by sex by combining the sample-based estimate with an estimate obtained from all children in exposure group 2 (not disaggregating by age or race-ethnicity). SEs were estimated with a set of 60 jackknife repeated replication weights with the PC-SIDE software (version 1.02, 2003; Department of Statistics, Iowa State University) (29) on the basis of 4-y combined 2-d dietary sampling weights (variable name WTDR2D/2). We examined the statistical significance of differences in adjusted mean intakes (from the PC-SIDE software, version 1.02, 2003; Department of Statistics, Iowa State University) by folic acidconsumption group by using a z test. We also examined the cumulative distribution of usual daily intakes of folic acid for US children who consumed 1) no SUP, 2) 200 lg folic acid/d from supplements, and 3) .200 lg folic acid/d from supplements by age groups. Because common brands of children's vitamins contain between 200-400 lg folic acid, we chose the lowest amount of 200 lg folic acid as the cutoff.
With the use of SUDAAN software to account for the complex sampling design, we estimated proportions and 95% CIs of US children in each folic acid-consumption group for all children and by sex, race-ethnicity, and age group and within the 2 older age groups by sex. Statistical differences by sociodemographic characteristics in the distributions of folic acid-consumption group were based on chi-square tests.
Because the distributions of folate and vitamin B-12 concentrations were skewed, we transformed the concentrations by using the natural log to normalize their distributions. With the SUDAAN software, we used multiple linear regression models to estimate the adjusted geometric means (least squares means) and 95% CIs for serum and RBC folate, serum vitamin B-12, homocysteine, and MMA concentrations by folic acid-consumption group. We stratified analyses by sex, race-ethnicity, age group, and, within the 2 older age groups, by sex. Depending on the stratification, we adjusted these analyses for age, sex, and raceethnicity. We used Wald's F tests to examine the significance of the trend across folic acid-consumption groups in the adjusted least squares means of the natural log folate and vitamin B-12 biomarkers.
We estimated the unadjusted prevalence of folate deficiency, low vitamin B-12 status, and marginally low folate and vitamin B-12 status with SUDAAN software. We used multiple logistic regression in the SUDAAN software to estimate the adjusted prevalence (ie, predictive margins) and 95% CIs of marginally low folate and vitamin B-12 status (32). We evaluated differences in the percentages of folate deficiency, low vitamin B-12 status, and marginally low folate and vitamin B-12 status in US children by folic acid-consumption groups with the chi-square test.
We analyzed all data, except usual daily intakes for which we used PC-SIDE software (version 1.02, 2003; Department of Statistics, Iowa State University) as previously described, with SUDAAN software to account for the complex sampling design (33) . We used 4-y combined, 2-d dietary sampling weights (variable name WTDR2D/2) for all analyses. The use of the 2-d dietary sampling weights in analyses accounted for the differential nonresponse (as indicated above) and noncoverage for the subsample of participants with complete information on both 24-h dietary recalls (n = 7208; ie, 7178 + 30 children who were breastfed), and, as with all sample weights, adjustments for planned oversampling of certain population groups (34) . This resulted in slightly more conservative SEs than the use of either day 1 weights or the MEC weights.
In our analyses, we evaluated multiple indicators of intake or biomarkers for folate and vitamin B-12 across 4 folic acidconsumption groups. In addition, we stratified analyses by dividing the population to examine consistency of the observed associations across subgroups. We did not intend to test joint hypotheses; thus, we did not correct for multiple comparisons (35) . We had a priori expectations about associations between the consumption of folic acid from different sources and each indicator of folate and vitamin B-12 status. We presented 95% CIs around all estimates. Where possible, we presented the actual P value for specific tests and used a trend test or overall chi-square test to determine the significance across folic acid-consumption groups (see above). For statistical differences between specific folic acid-consumption groups in usual daily intakes of folate (eg, natural food folate and folic acid), we made 6 comparisons between folic acid-consumption groups for each indicator. For these comparisons, we indicated z tests with P , 0.01 and 0.01 P , 0.05. We realized that some of the observed statistical differences were due to chance.
RESULTS
Proportion of US children who consumed different sources of folic acid
In US children aged 1-18 y, 32% consumed folic acid from ECGP only; the remainder consumed folic acid from one or more additional sources; 59% consumed folic acid from RTE, and 26% consumed folic acid from supplements. When examined by folic acid-consumption groups, 32%, 42%, 9%, and 16% of children reported the consumption of folic acid from ECGP only, ECGP +RTE, ECGP+SUP, and ECGP+RTE+SUP, respectively ( Table  1) . The proportion of US children in these 4 consumption groups differed by race-ethnicity and age but not by sex overall or within age groups. Compared with 30-31% of non-Hispanic white and Mexican-American children, 40% of non-Hispanic black children consumed folic acid from ECGP only. Compared with 23% of children aged 1-3 y, 19%, 35%, and 48% of children aged 4-8, 9-13, and 14-18 y, respectively, consumed folic acid from ECGP only.
Usual daily intakes of natural food folate, folic acid, total folate, and vitamin B-12
The median usual daily intake of natural food folate differed little (,25 lg DFE) as the number of sources of folic acid increased in children of all sex and race-ethnicity groups and in SOURCES OF FOLIC ACID INTAKE IN CHILDREN children aged 1-3 and 4-8 y, although some differences were significant (P , 0.05) ( Table 2 ). The usual daily intake of folic acid and total folate increased as the number of sources of folic acid increased in all sex, race-ethnicity, and age groups ( Table  2 ). The usual daily intake of vitamin B-12 also increased as the number of sources of folic acid increased for all sex, raceethnicity, and age groups (Table 2) . Overall, in children aged 1-3, 4-8, 9-13, and 14-18 y, an estimated (6SE) 15.9 6 1.9%, 27.0 6 2.6%, 3.6 6 0.8%, and 0.9 6 0.2% of children, respectively, exceeded their age-specific UL for folic acid. In children of every age group who only consumed folic acid from ECGP, virtually none of the children exceeded their age-specific UL (0-0.1%). In children aged 1-3, 4-8, 9-13, and 14-18 y, children who consumed all 3 sources of folic acid (ECGP+ RTE+SUP) had the highest percentages of exceeding their UL (77.9 6 4.5%, 72.7 6 5.5%, 41.3 6 9.8%, and 14.7 6 6.5%, respectively). The cumulative distributions of usual daily intakes of folic acid in children who consumed 0, 1-200, and .200 lg from supplements are shown in Figure 1 , A-D, for the 4 age groups, respectively. For children aged 1-3 and 4-8 y, ,5% of nonsupplement users exceeded their age-specific UL (Figure 1,  A and B) . In contrast, 99-100% of children who consumed .200 lg folic acid/d exceeded their age-specific UL (Figure 1,  A and B) . In children aged 9-13 and 14-18 y, ,0.2% of nonsupplement users exceeded their age-specific UL (Figure 1 , C and D). In contrast, 58% and 24% of children aged 9-13 and 14-18 y, respectively, who consumed .200 lg folic acid/d from supplements exceeded their age-specific UL.
Serum and RBC folate, serum vitamin B-12, homocysteine, and MMA concentrations
Compared with the consumption of folic acid from ECGP only, adjusted geometric mean serum and RBC folate concentrations were generally higher as the number of sources of folic acid increased in all sex, race-ethnicity, and age groups (P , 0.05 for all comparisons) ( Table 3) . Compared with the consumption of ECGP only, the adjusted geometric mean serum vitamin B-12 concentrations were progressively higher in children who reported the consumption of ECGP+RTE, ECGP+SUP, and ECGP+ RTE+SUP (P , 0.02). Adjusted geometric mean homocysteine concentrations did not decrease as the number of sources of folic acid increased in all sex, race-ethnicity, and age groups except in children aged 14-18 y ( Table 4) . In this age group, homocysteine concentrations were significantly lower with increased folic acid consumption. Geometric mean MMA concentrations did not decrease as the number of sources of folic acid increased for any sex, race-ethnicity, or age group of children except in male children aged 14-18 y.
Prevalence of folate deficiency, low vitamin B-12 status, and marginally low folate and vitamin B-12 status
The estimate of folate deficiency by using serum folate was unstable because of the small number of children in this group (n = 1). Less than 0.5% of children had folate deficiency by using RBC folate (0.2%; 95% CI: 0.1%, 0.4%; n = 23), and ,0.5% of children had low vitamin B-12 status (0.2%; 95% CI: Children aged 4-8 y were most likely to consume folic acid from RTE and SUP. In every age group of children, we observed an increase in usual daily intakes of folic acid, total folate in DFE, and vitamin B-12 as the number of sources of folic acid increased. In the 2 youngest age groups, the usual daily intakes of natural food folate varied little in the 4 folic acid-consumption groups. In every age group, virtually no children exceeded their age-specific UL if the only source of folic acid intake was ECGP, which is 1 ECGP only, consumed enriched cereal-grain products only, excluding ready-to-eat cereals and supplements containing folic acid; ECGP+RTE, consumed enriched cereal-grain products plus ready-to-eat cereals; ECGP+SUP, consumed enriched cereal-grain products (excluding ready-to-eat cereals) plus supplements containing folic acid; ECGP+RTE+SUP, consumed enriched cereal-grain products, ready-to-eat cereals, and supplements containing folic acid; DFE, dietary folate equivalent. Total folate was defined as micrograms of natural food folate intake plus (1.7 · micrograms of folic acid intake). n values were unweighted. Values in a subgroup with different superscript letters (a, b, c, or d) were significantly different, 0.01 P , 0.05 (z test); values in a subgroup with different superscript letters (e, f, g, or h) were significantly different, P , 0.01 (z test).
2 Median; interquartile range (25th-75th percentiles) in parentheses (all such values). Values were estimated with PC-SIDE (version 1.02, 2003; Department of Statistics, Iowa State University, Ames, IA) with jackknife replicate weights and were adjusted for age, sex, race-ethnicity, day of the week, and interview method.
3 ECGP and ECGP+RTE; ECGP and ECGP+RTE+SUP; and ECGP+RTE and ECGP+RTE+SUP were significantly different, P , 0.05 (z test); all other comparisons were not significantly different.
4 ECGP and ECGP+RTE+SUP were significantly different, P , 0.01. 5 ECGP+RTE and ECGP+SUP were significantly different, 0.01 P , 0.05; ECGP+SUP and ECGP+RTE+SUP were significantly different, 0.01 P , 0.05; all other comparisons were significantly different, P , 0.01.
6 ECGP+SUP and ECGP+RTE+SUP were not significantly different; ECGP+RTE and ECGP+RTE+SUP were significantly different, 0.01 P , 0.05; all other comparisons were significantly different, P , 0.01. a finding that is consistent with that observed in adults (36) . Within each age group, children who consumed all 3 sources of folic acid had the highest percentages of exceeding their UL. In contrast to our study, a recent evaluation of folic acid intake of US children (aged 1-13 y) did not differentiate the contribution of folic acid from ECGP from that provided by RTE, which is the major dietary source of folic acid (14) .
We know of no previous studies in which the individual contribution of RTE to usual intake of folic acid in children was assessed. The widespread consumption of RTE in our study is similar to that reported in a smaller-scale study (37) . Three studies reported the prevalence of overall vitamin and mineral supplement use in children from NHANES (9, 10, 14) . They showed that .30% of children in the US reported taking daily vitamin and mineral supplements (9, 10, 14) . Our findings of the proportion of children who consumed SUP differed little from that of Bailey et al (14) . Similar to others, we showed that the highest proportion of supplement use was in children aged 4-8 y (9, 14) . The rank order of frequency of supplement use by raceethnicity (ie, non-Hispanic whites/Mexican Americans/ non-Hispanic blacks) was the same for children as previously reported, which possibly indicated that supplement use in young children might be a reflection of parental use or related socioeconomic or cultural influences (9, 10, 36, 38) . A: Cumulative distribution of usual intake of folic acid for US children aged 1-3 y. Among the children who consumed no supplements containing folic acid (Á Á Á) (n = 1054), 2.6% (95% CI: 1.4%, 3.8%) exceeded the tolerable upper intake level (UL); among the children who consumed an average of 1-200 lg folic acid/d from supplements (-Á -) (n = 153), 22.6% (95% CI: 13.6%, 31.6%) exceeded the UL; among the children who consumed an average of 201-400 lg folic acid/d from supplements (---) (n = 115), 100% (95% CI: 100%, 100%) exceeded the UL. B: Cumulative distribution of usual intake of folic acid for US children aged 4-8 y. Among the children who consumed no supplements containing folic acid (Á Á Á) (n = 1063), 4.6% (95% CI: 1.2%, 7.9%) exceeded the tolerable upper intake level (UL); among the children who consumed an average of 1-200 lg folic acid/d from supplements (-Á -) (n = 231), 22.9% (95% CI: 7.2%, 38.7%) exceeded the UL; among the children who consumed an average of 201-400 lg folic acid/d from supplements (---) (n = 237), 98.7% (95% CI: 97.2%, 100%) exceeded the UL. C: Cumulative distribution of usual intake of folic acid for US children aged 9-13 y. Among the children who consumed no supplements containing folic acid (Á Á Á) (n = 1568), 0.2% (95% CI: 0%, 0.4%) exceeded the tolerable upper intake level (UL); among the children who consumed an average of 1-200 lg folic acid/d from supplements (-Á -) (n = 174), 5.2% (95% CI: 0%, 10.8%) exceeded the UL; among the children who consumed an average of 201-400 lg folic acid/d from supplements (---) (n = 163), 57.6% (95% CI: 39.4%, 75.7%) exceeded the UL. D: Cumulative distribution of usual intake of folic acid for US children aged 14-18 y. Among the children who consumed no supplements containing folic acid (Á Á Á) (n = 2100), 0% (95% CI: 0%, 0.2%) exceeded the tolerable upper intake level (UL); among the children who consumed an average of 1-200 lg folic acid/d from supplements (-Á -) (n = 137), 0% (95% CI: 0%, 0%) exceeded the UL; among the children who consumed an average of 201-400 lg folic acid/d from supplements (---) (n = 166), 24.0% (95% CI: 10.5%, 37.5%) exceeded the UL. Between 1988-1994 and 1999-2004 , the mean serum folate concentration for the US population more than doubled; in 2003-2004, children aged 4-11 y had similar serum folate concentrations as those of adults aged !60 y (22) . Similar to previous findings in adults (36) , which showed that incremental increases in blood folate and serum vitamin B-12 concentrations reflected the addition of different sources of folic acid to the background intake from ECGP, our data indicated that, with an increased number of sources of folic acid, blood folate concentrations increased but homocysteine and MMA concentrations did not decrease (except in children aged 14-18 y for homocysteine and in male children aged 14-18 y for MMA). One potential explanation for these findings is a threshold effect of folate intake on homocysteine and MMA with folate and vitamin B-12 sufficiency in US children aged 1-13 y. The average serum folate concentration was !11 ng/mL and the average serum vitamin B-12 concentration was !550 pg/mL, except in children aged 14-18 y.
Strengths of our study include the use of a large, nationally representative sample of US children, oversampling of population 1 ECGP only, consumed enriched cereal-grain products only, excluding ready-to-eat cereals and supplements containing folic acid; ECGP+RTE, consumed enriched cereal-grain products plus ready-to-eat cereals; ECGP+SUP, consumed enriched cereal-grain products (excluding ready-to-eat cereals) plus supplements containing folic acid; ECGP+RTE+SUP, consumed enriched cereal-grain products, ready-to-eat cereals, and supplements containing folic acid. P values are for testing differences in the trend of adjusted biomarker concentrations (least squares means) across different folic acid-consumption groups on the basis of Wald's F test.
2 Unweighted number of participants with blood folate and serum vitamin B-12 concentrations in the NHANES [2003] [2004] [2005] [2006] . Each model included all individuals in the specified subgroup (eg, n = 2946 for male children) and had 30 denominator df.
3 Adjusted geometric mean; 95% CI in parentheses (all such values). Values were estimated from multiple linear regression models of the natural log of the specified biomarker adjusted for sociodemographic characteristics (age, sex, and race-ethnicity) other than the subgroup indicated (eg, estimates in male children were adjusted for age and race-ethnicity). Multiple linear regression models included all individuals within the specified subgroup, were weighted, and took into account the complex sampling design. subgroups by age and race-ethnicity, adjustment for potential confounders, use of folate and serum vitamin B-12 concentrations to evaluate dose responses across groups, and application of an established statistical method by using two 24-h dietary recalls in the majority of the sample to estimate usual daily intakes of folic acid and vitamin B-12.
Potential limitations of the study include the inability to examine temporal associations because of the cross-sectional design of the survey. Dietary data were self-reported (individually or by proxy) and collected at the time of the medical examination or shortly thereafter; supplement data were collected over the 30 d before the survey, which required that we combine intake data obtained from 2 different instruments. The 24-h dietary recall underestimates caloric intake by '11% (39), but this does not indicate that micronutrient intake is also underestimated by the same amount. Actual folic acid and vitamin B-12 in foods may be higher or lower than that estimated in the nutrient database. Average nutrient intakes from supplements do not reflect irregular patterns of intake for some individuals, and therefore, the within-person variability in usual daily intakes of folic acid from supplements may be underestimated. The dosages of folic acid and vitamin B-12 from supplement labels may also be underestimated (40) . A nonresponse bias may result in an overor underestimation of the usual daily intakes of folic acid and vitamin B-12 in US children; however, estimates of dietary intakes are weighted to account for nonresponse, reducing the possibility of bias. To help account for differences in population demographics in those with and without serum biomarkers, we stratified the analysis of the association between sources of folic acid consumption and biomarkers by age or sex or adjusted for these variables. It should be noted that the biomarker cutoffs routinely used to define folate and vitamin B-12 status in children were determined in adults and should be interpreted with this in mind.
Folate deficiency and low vitamin B-12 status were rare, and marginally low folate and vitamin B-12 status were uncommon, especially as the number of sources of folic acid increased. Although no known reports exist of potentially harmful effects of 1 ECGP only, consumed enriched cereal-grain products only, excluding ready-to-eat cereals and supplements containing folic acid; ECGP+RTE, consumed enriched cereal-grain products plus ready-to-eat cereals; ECGP+SUP, consumed enriched cereal-grain products (excluding ready-to-eat cereals) plus supplements containing folic acid; ECGP+RTE+SUP, consumed enriched cereal-grain products, ready-to-eat cereals, and supplements containing folic acid. P values are for testing differences in the trend of adjusted biomarker concentrations (least squares means) across different folic acid-consumption groups on the basis of Wald's F test.
2 Unweighted number of participants with methylmalonic acid measurements in the NHANES [2003] [2004] . Each model included all individuals in the specified subgroup (eg, n = 1230 for male children) and had 15 denominator df.
3 Adjusted geometric mean; 95% CI in parentheses (all such values). Values were estimated from multiple linear regression models of the natural log of the specified biomarker adjusted for sociodemographic characteristics (age, sex, and race-ethnicity) other than the subgroup indicated (eg, estimates in male children were adjusted for age and race-ethnicity). Multiple linear regression models included all individuals within the specified subgroup, were weighted, and took into account the complex sampling design.
folic acid in children, children's ULs were created by the IOM staff by extrapolating (on the basis of body weight) from the adult UL established by the Dietary Reference Intakes committee (3) . Because the ULs for children were not based on evidence of harm in children, it is unclear what interpretations can be made when children exceed their age-specific UL. Given that the UL for folic acid in adults is based on adults with vitamin B-12 deficiency (3), the absence of vitamin B-12 deficiency in children in this study should raise questions about the value of an UL in children in relation to sequelae from vitamin B-12 deficiency. Other authors have also raised questions about the validity of children's ULs (4) . In contrast to the United States, other countries (eg, the United Kingdom) have not set ULs for children because "there are no data to suggest that high intakes of folic acid have any adverse effects on children" (41, 42) .
Our findings indicate that, at current folic acid flour fortification levels, US children who consume ECGP only are unlikely to exceed their age-specific UL for folic acid. The majority of US children consumed more than one source of folic acid, and folic acid intake and blood folate concentrations in children increased with the consumption of more sources of folic acid. The consumption of RTE or SUP is associated with higher intakes of folic acid and vitamin B-12 as well as higher blood concentrations. Adequate folate is essential for child growth and development of the central nervous system (43) . However, both the American Academy of Pediatrics and the American Dietetic Association do not recommend that healthy children routinely consume SUP (44, 45) . Our data suggest that, if fewer children consumed RTE or supplements, or if supplements that are consumed by children contained less folic acid, the number of children with intakes that more than double their requirements might decrease. If there are concerns about higher intakes of folic acid in US children, allowable levels of folic acid in RTE and SUP may require further examination.
